A novel adaptive predistortion linearizer system has been developed to improve the linearity of high power amplifiers (HPAs). This system was developed for use with TWTAs, but the concept is also applicable to SSPA~. This system can provide near ideal linearizer performance over a wide dynamic range without the complexity ofpreviously proposed adaptive systems. A key feature is the ability to operate as a stand-alone unit. It can be inserted in front of an existing HPA without any interconnecTo ideally correct an KPA near saturation (Sat) in output power (PouJ dG/dP * 00 as Pout Sat (1) The ideal predistortion correction required by a typical TWTA is Shown in Figure 2- 
INTRODUCTION
plex, high data-rate digitally modulated signals at microwave frequencies has created a demand for highly linear amplifiers. he solution to this ment has been the use of predistortion linearizers to correct for solution greatly increases predistorter complexity and loss while making wideband performance more difficult to achieve. The most common solution is to neglect correcting the transfer characteristics at response is "overshoty' at an output power backoff (OPBO) close to saturation where a sufficient rate of gain expansion exists. The response of a linearized TWTA withgain overshoot is shown in Figure  3 . This approach produces a narrow region of constant gain where the gain slope still fall far short of the theoretical limit as inability ofmost predistorters to provide much more than a 1 to 2 saturation* Instead the & ! a i n (and phase) "fer kg = dG/dp = 0
An excellent camer to intermodulation ratio (CL) can result in this region. As OPBO is decreased further, however, CA does not necessarily improve In these systems the output of the amplifier is compared with the input and the difference used to correct the predistortion circuit's response as illustrated in Figure 4 . In systems that correct by following the envelope of the information signal, the time delay ofthe HF!A becomes critical. The correction is always behind in time (At) relative to the input signal. As the envelope frequency increases, phase error also increases. This eventually causes the correction to become out ofphase with the input signal and the system fails. In practice such systems are limited to only a few MHz of bandwidth. To avoid this bandwidth restraint, some adaptive systems do not attempt to follow the envelope. They calculate a weighted error signal. This error signal is used to slowly optimize the predistorter's transfer response over time, usually using a search routine. In either case an adaptive system can become quite complex and is ultimately limited by the flexibility of the predistortion generator. 
INPUT ADAPTIVE LINEARIZATION
In an input adaptive linearization (IAL) system, only the level of the input signal to the linearizer is considered. This eliminates the need for detection of the output signal and related connections between the linearizer and HPA.
It appeared that knowing the input level, a predistortion network could be optimized for the appropriate operating point. In essence, the gain (and phase) overshoot could be set to a position and level to make kg equal zero for the input stimulus. To test this hypothesis, a conventional linearized TWTA system was simulated and the predistorter response optimized for a compromise backoff. Experience has shown that an OPBO of about 5 d:B works well for this purpose. This level was used in the simulation and subsequent testing. The 2-tone C/I was then calculated over an OPBO range from 2 to 10 dB. Thisprocess was repeated; but with the predistorter re-optimized for each OPBO point. Figure 5 shows the results of the simulations. At high OPBO more than 10 dB of improvement can be achieved, while near saturation almost 5 dB of improvement can be obtained.
To show that the IAL system is insensitive to type of 
PRACTICAL IAL SYSTEM
Based on the encouraging simulationresults, a practical IAL system was developed for up-link satellite TWT WAS. A block diagram of the linearizer is shown in Figure 7 . The input power level is detected at the output side of the linearizer. This is the point were the power is at its highest level and the easiest to detect. The power at this point (Phut) is also correlated to the OPBO of the HPA by a fixed functional relation, i.e.,
) A balanced detector circuit was used for temperature stability. The voltage from the detector is converted to a digital signal and sent to a small microcomputer chip for processing. The microcomputer compares the power level to values previously stored in a lookup table to determine the optimum control values for the predistorter. The predistorter settings are updated approximately once every 200 milliseconds. The values in the lookup table are normally determined when the liearizer is initially mated with an HFA. Single carrier saturation is first determined. Then under 2-tone excitation, the Pout of the HPA is backed off in one dB steps, and the maximum CA ratio manually determined. At each power level, the optimum settings are stored in an electrically alterable memory associated with the microcomputer. Since the linearizer is totally digitally controlled, the whole initialization process can take place under the control of an external computer. A C-band IAL linearizer is pictured in Figure 8 . Figure 9 shows the measured 2-tone C/I performance of this linearizer when mated with a TWTA in linearizer off, non-adaptive linearizer and IAL modes. Figure 10 shows the corresponding comparison forNPR Note the close correlation of simulated and measured performance. 
